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Indeed, the ordeal of taking a deep breath may be such that when the vital capacity is measured it is found to be little more than the resting tidal volume. Reflex muscle spasm occurs and this accentuates the plight of the patient; diaphragmatic movement is restricted and tidal exchange becomes almost entirely dependent upon limited intercostal muscle activity. Underventilation, with retention of secretions, is inevitable and the stage is set for the development of a chest complication.
Although morphine provides some degree of pain relief after abdominal surgery, it by no means prevents respiratory complications: coughing and deep breathing remain distressingly painful. Larger doses of morphine might well improve analgesia but the dangers of drowsiness, respiratory depression and other complications are then accentuated. In either case the patient's well-being depends upon the proficiency and enthusiasm of the physiotherapist and the nursing staff.
In attempting to provide more complete relief of postoperative pain, the disadvantages of central nervous system depression can be avoided by interrupting the pain pathways peripherally. To this end, numerous techniques have been proposed (Simpson and Parkhouse, 1961) but after abdominal surgery many of these fail because visceral pain and resulting reflex muscle spasm remain unrelieved. Extradural blockade of the appropriate segments relieves both somatic and visceral pain, and abolishes reflex muscle spasm, while still leaving the patient alert, co-operative and free from respiratory depression. Cleland (1949) relieved postoperative pain by means of continuous "peridural" analgesia in 130 cases of abdominal and ano-rectal surgery; he was enthusiastic about the method and reported restoration of "normal" respiration and early, EXTRADURAL ANALGESIA AND PREVENTION OF COMPUCATIONS 629 painless ambulation. Blood pressure measurements were not mentioned. Cleland most often used the caudal route, but in a few cases he inserted a needle in the lumbar region and threaded a catheter through this until he estimated that its tip had reached the mid-dorsal level. Subsequently, both Bromage (1954a) and Bryce-Smith (personal communication) have commented on the undesirability of inserting too great a length of catheter into the extradural space; such catheters may curl up, double back, or pass out through an intervertebral foramen (Frumin and Apgar, 1949; Bromage, 1954a) . Indeed, one catheter introduced by Bryce-Smith in the course of postmortem studies became tied in a half-hitch knot which would have made withdrawal impossible. Bonica (1953) , after experience with several hundred cases, considered segmental extradural analgesia to be superior to any other method of managing postoperative pain; he used intermittent injections through an indwelling catheter. Bonica stressed the advantages of complete pain relief, effective ventilation and coughing, and willingness to move about.
Massey Dawkins (1956) recommended continuous drip administration of local analgesic solution for the treatment of postoperative pain, through a catheter with its tip lying opposite the third or fourth thoracic vertebra. Commenting on this method, Bonica (1957) pointed out the difficulty of controlling the extent of the block and mentioned an additional danger of continuous administration-progressive, unsuspected fall in blood pressure while the patient is in the sitting position.
The present studies of postoperative extradural analgesia arose from a suggestion of Professor Macintosh that if the patient could be encouraged to stretch his muscles postoperatively, while completely pain-free, reflex spasm might not recur, so that long-lasting benefit would be obtained. Initially, large volumes of local analgesic solutions were injected through an extradural catheter inserted in the lumbar region: with this technique it was possible to encourage deep breathing and coughing but hypotension commonly resulted from the inevitable flooding of the extradural space. Extradural catheters were, therefore, inserted in the mid-thoracic region so that blockade could be limited to the segments supplying the upper abdominal operation site. In this way complete pain relief could be ensured without hypotension and active movement of the patient became possible. In some cases respiratory and circulatory studies were carried out: the results of all these investigations are reported below.
METHOD

Selection of cases.
Studies were made on sixty adult patients admitted to hospital for elective abdominal operations; the age range was from 18 to 77 years, the mean age being 50.9 years. There were thirty-five men and twenty-five women. Physical status varied widely and many patients with pre-existing respiratory disease were included. Table I summarizes the relevant facts about each patient; the numbers allocated to patients in this table are retained in subsequent tables to facilitate cross-reference.
Early in the study, when the lumbar route was used, lower abdominal operations and herniotomies were included in the series. Mid-thoracic extradural block was used only for upper abdominal cases.
Lumbar exlradural block.
In these cases the lumbar extradural space was located with a Tuohy needle and a catheter was directed upwards 2 inches (5 cm) beyond the tip of the needle: upper abdominal analgesia thus depended upon flooding of the extradural space with local analgesic solution (Bromage, 1954b) . The catheter was inserted when the patient arrived in the anaesthetic room; the operation was carried out under general anaesthesia and the patient was returned to the ward with the catheter in place.
Mid-thoracic extradural block.
The method used for these cases was that recommended by Bryce-Smith (personal communication) as a result of postmortem studies made in 1950. This technique resembles that of Bonica (1956) , except that the angle made by the needle with the skin is different (see below).
With the patient either sitting up or lying on his side, and with the spine flexed, a skin weal was made 1 cm lateral to the lower edge of the spinous process marking the upper limit of the chosen interspace: this level varied from the fifth to the eighth thoracic spine. The underlying sub-630 BRITISH JOURNAL OF ANAESTHESIA cutaneous tissue and muscle were then infiltrated with local analgesic solution and the skin and muscle sheath were punctured with a Sise introducer or wide-bore needle, the skin being held firmly stretched between the fingers of the left hand. The Sise introducer was then withdrawn and a Tuohy needle was inserted through the puncture hole, at right angles to the skin, until the vertebral lamina was reached; the needle was then withdrawn as far as the muscle sheath and re-introduced, aiming inwards at about 10 degrees towards the midline and upwards at about 10 degrees towards the patient's head. When the needle point lay at the depth at which contact had been made with the lamina, the stilette was withdrawn and a 10-ml syringe, filled with saline, was attached to the hub: by slowly advancing the syringe and needle, the extradural space could then be located by "loss of resistance" (Sicard and Forestier, 1921) . After a little practice with this method, extradural puncture in the mid-thoracic region proved no more difficult than in the lumbar region.
With the bevel of the Tuohy needle pointing upward, a VX.02O Vinyl catheter (Becton Dickinson), marked at 10-cm intervals, was inserted until its tip lay 4 cm beyond the point of the needle. The needle was then withdrawn and the site of skin puncture sprayed with Nobecutane. The distal end of the catheter was fitted into a chuck designed and constructed in the workshop of the Nuffield Department of Anaesthetics for this purpose (the Oxford chuck, fig. 1 ), and a test dose of 3 ml of analgesic solution was injected. A rolled 3x3 inch (7.5 x 7.5 cm) gauze bandage was placed between the catheter and the skin to avoid a right-angled bend which might cause kinking of the catheter. The catheter was then strapped in position, its distal end being passed over the patient's shoulder with the chuck fixed below the clavicle.
The operation was performed under general anaesthesia, the patient returning to bed with the catheter in place.
Postoperative management.
The authors were informed by the ward sister when postoperative analgesia was required.
The patient's blood pressure was measured, and sufficient local analgesic solution was injected through the catheter to provide complete pain relief. Blood pressure was measured again and the patient was encouraged to breathe deeply, cough, and move about the bed. The position of die chuck allowed injections to be given with the patient lying down, and this position was used on all occasions, the head being supported by one pillow. After lumbar injections, patients were instructed to keep their heads low because of the likelihood of hypotension; after injections in the mid-thoracic region patients were kept lying down for 15 minutes to minimize spread of the solution and after this time they could almost invariably sit up or get out of bed without fall in blood pressure. Injections were repeated as often as necessary.
In view of the necessity for scrupulous asepsis, masks were worn by the anaesthetist and the nurse assisting him The local analgesic solution, syringe, mixing needle and screw caps for the chuck were autoclaved in a small tin which was opened for the anaesthetist, who had meanwhile scrubbed his hands and put on sterile gloves. The nurse freed the chuck from its position below the clavicle, held it by the flanges and unscrewed the outer cap (fig. 1) ; the anaesthetist then unscrewed the inner cap and laid it aside for resterilization. The syringe was attached to the hub of the chuck and the required amount of solution was injected. Finally, fresh inner and outer chuck caps from the autoclaved box were screwed in place.
Respiratory studies.
The patients were visited pre-operatively, and the whole procedure was explained to them. At the time of this visit, vital capacity measurements were made with a dry gas meter: after giving the patient enough practice to achieve his best performance the average of three readings was taken. These measurements were made with the patient lying down so that they would be comparable with postoperative vital capacity readings.
In nine of the patients more detailed studies of respiratory function were made. Before operation, the functional residual capacity was measured using a closed-circuit helium method with the patient in the sitting position and the vital capacity was measured in both supine and sitting positions. The 1-second forced expiratory volume was measured using a spirometer with a lightweight bell and a rapid kymograph. An oesophageal balloon was used to record changes in intrathoracic pressure and a Lilly pneumotachograph to measure air flow. The compliance and nonelastic resistance of the lungs were measured by the method of Mead and Whittenberger (1953) , with the modification described by Marshall and Du Bois (1956) for the measurement of compliance. The compliance was measured at the patient's natural breathing frequency but when measured at slower rates it was not appreciably altered, even in patient H.H. (referred to later).
Postoperatively, the vital capacity was measured immediately before pain was relieved by means of an extradural injection; when pain relief was complete a second reading was taken and finally a third reading was ,taken after the patient had coughed, expanded his chest and moved about the bed. In the nine patients in whom fuller respiratory studies were made, lung compliance and nonelastic resistance were measured before and after the extradural block, and in six of these patients after vigorous movement and coughing. In two patients measurements of compliance and nonelastic resistance were made, in the presence of pain, after the patient had received sufficient intravenous hexamethonium bromide to lower the systemic blood pressure to 75 mm Hg systolic.
In view of the necessity for measuring compliance postoperatively in the supine position, the pre-operative measurements were made in both the supine and sitting positions.
RESULTS
Twenty patients were treated by extensive lumbar extradural block and forty by mid-thoracic block. In twenty-five of these latter cases, all of whom underwent upper abdominal operations, a deliberate attempt was made to keep the patient continuously pain-free for 2 to 3 days after surgery; experience showed that after this time all the patients were able to cough and move without undue discomfort. The remaining fifteen patients received a limited number of extradural injections, designed principally to facilitate physiotherapy (table I) .
Analgesia.
Analgesia was regarded as "excellent" if the patient became entirely free from pain and discomfort, even when coughing and moving about; fifty-six cases were included in this category. In one case there was slight residual discomfort on coughing and walking. In the remaining three cases the extradural catheter was extruded (see below): in two of these cases analgesia was excellent for 30 and 48 hours respectively; in the third case it was impossible to provide analgesia after the first three postoperative injections. Thus, taking the series as a whole, analgesia was "excellent" in 93 per cent of patients. Table II gives an analysis of the circumstances in which analgesia was other than "excellent". The completeness of the pain relief produced by successful extradural block must be seen to be believed. The patient becomes completely unaware of the existence of an upper abdominal wound; his face loses its expression of anxiety and strain, and it is an exciting experience to see a patient, a few hours after gastrectomy, taking deep breaths, coughing vigorously and reaching enthusiastically for his dressing-gown. Drugs, dosage and duration of action. Table HI shows the drugs used, the speed of onset of analgesia, the duration of action and the influence of adrenaline. The true duration of drug action was only ascertained in a limited number of cases, since supplementary injections were commonly given before the recurrence of severe pain. In order to exclude the possible influence of hypotension on the duration of drug action, the only cases assessed in table HI are those in which the systolic pressure fell by less than 10 mm Hg. There was considerable variation between patients in regard to the dose of local analgesic required to produce complete pain relief (table IV) but in each individual the dose remained remarkably constant. There was no tachyphylaxis from the continued use of lignocaine; other drugs were not used sufficiently often for a definite opinion to be formed. The significance of these columns is explained in the text. in order to produce upper abdominal analgesia, hypotension was almost invariable.
With the mid-thoracic approach, the blood pressure fell by more than 20 mm Hg on only two occasions with the patient lying supine. Both of these incidents occurred with the first injection, when the patient's local analgesic requirement was still undetermined. Patients were allowed to sit up 15 minutes after a mid-thoracic injection on a total of 1,025 occasions, and hypotension below 80 mm Hg occurred only fifty-nine times (an incidence of 6 per cent). On all fifty-nine occasions the blood pressure returned to normal when the patient lay down again, and after allowing a little more time to elapse it was possible in every case for the patient to sit and stand without hypotension. In view of the classical belief that small-diameter nerve fibres, such as those of the autonomic nervous system, show the most marked and most prolonged sensitivity to local analgesic agents, it is interesting to note that these patients still had excellent pain relief after their blood pressure had become stable in the standing position.
Respiratory studies. Table V shows the results of vital capacity measurements made pre-and postoperatively, after the induction of extradural analgesia and again within 24 hours of operation. This last measurement was included in order to facilitate comparison with other publications, since most other workers have quoted postoperative vital capacity measurements made within 24 hours of the operation. In the presence of pain after upper abdominal surgery, in fifty-four cases, vital capacity ranged from 20 to 56 per cent of the preoperative value, the mean figure being 35.2 per cent. After six lower abdominal operations vital capacity was 37 to 69 per cent of the pre-operative value (mean 55.5 per cent). When pain was abolished by extradural block the vital capacity was 44 to 139 per cent of the pre-operative figure after upper abdominal surgery (mean 69 per cent), and 80 to 91 per cent of the pre-operative figure after lower abdominal surgery (mean 84.8 per cent). These results are given in table VII.
The tests of general lung function which were carried out in nine cases are not reported in full but they showed essentially normal function in all patients except H.H. (patient 28), who showed changes compatible with chronic obstructive emphysema. Tables VI and VIII show the results of the measurements of vital capacity and the mechanical properties of the lungs. In this group of nine cases the vital capacity measured by gas meter in the ward was about 20 per cent less than the volume measured by a spirometer in the laboratory and corrected to B.T.P.S. The gas meter reading was about 12 per cent less than the uncorrected spirometer volume.
Postoperative extradural analgesia had no significant effect on lung compliance (mean change + 1 per cent). In the six patients in whom compliance was measured after effective coughing, mean lung compliance increased by 45 per cent, but vital capacity increased by only a further 16.3 per cent.
Measurements of nonelastic resistance in postoperative patients are liable to show variations due in part to changes in the resistance of the upper airways but in the subjects investigated there was no indication that this resistance changes as a result of postoperative pain or extradural block.
In two patients measurements of vital capacity and lung compliance were made in the presence of postoperative pain, before and after injecting hexamethonium bromide intravenously in sufficient dosage to reduce the systolic blood pressure to 75 mm Hg (table IX) . This hypotension did not produce pain relief, which is of interest since ganglion blocking agents are known to relieve certain types of visceral pain (Davis, Moore and Wynn-Williams, 1953) . There was no significant change in either vital capacity or lung compliance, although both of these were subsequently improved by extradural block, movement and coughing.
COMPLICATIONS
Respiratory complications.
Only one significant postoperative respiratory complication occurred among the patients treated by this method. A woman of 30 with no preexisting respiratory disease developed bilateral basal collapse of the lungs on the fourth day after cholecystectomy. Her extradural catheter had been removed 48 hours previously and at the time the complication developed she was able to cough without pain; the condition responded to physiotherapy. 
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Analysis of vital capacity readings (including data from tables V and Vf).
Site of operation 
Hypotension.
There is no doubt that hypotension must be accepted as a complication of lumbar injections, if upper abdominal analgesia is to be achieved. This hypotension, being accentuated by posture, makes it impossible for the patient to sit up and move about the bed; thus, the complete pain relief is deprived of much of its potential value.
Extrusion of catheters.
In one case the first three postoperative injections produced excellent analgesia but the next injection was ineffective. It was then discovered that the catheter had worked its way out of the extradural space, and in fact only about £ inch (1.25 cm) remained deep to the skin. In two other cases the catheter was similarly extruded after 30 hours and 48 hours respectively. This complication was undoubtedly related to the freedom of movement of the patient: it was subsequently avoided by taking care to ensure that the weight of the chuck was not allowed to drag on the catheter, and by allowing plenty of "slack" in fixing the catheter to the patient's back.
Other complications.
There were no other complications; puncture of the dura was avoided and infection did not occur. With appropriate precautions the risk of infection should not be exaggerated; many thousands of cases have been reported by Bonica et al. (1957) and Lund, Cwik and Quinn (1961) in which single or multiple extradural injections have been given without infection. Hingson, Cull and Benzinger (1961) reported a death from sepsis following continuous caudal block but this apparently occurred in unfavourable circumstances, before the days of chemotherapy.
DISCUSSION
Thoracic segmental extradural block abolishes rather than relieves pain, setting an entirely new standard in postoperative analgesia. The following case may be quoted as an example:
H.H., aged 60, was undergoing medical treatment for an acute exacerbation of chronic bronchitis with emphysema when he developed persistent bleeding from a duodenal ulcer. A thoracic extradural catheter was inserted, and gastro-enterostomy and vagotomy was performed under general anaesthesia. Postoperatively, intermittent injections were given through the extradural catheter to maintain analgesia and the patient made a rapid, trouble-free recovery. A chest radiograph 2 days after operation showed an improvement on the pre-operative film. He was discharged home 11 days after operation.
Eight months later this patient was readmited with peritonitis following perforation of the appendix. On this occasion, after emergency appendicectomy he received conventional postoperative analgesia and developed areas of patchy collapse and consolidation in both lungs. Tracheostomy became necessary the day after surgery; this tracheotomy was closed 27 days later, after a stormy convalescence, and he was discharged home 30 days after operation.
(This patient is No. 28 in the present series.)
Despite its advantages, the method has certain limitations. The technique is exacting and timeconsuming, frequent injections being necessary in order to provide continuous analgesia. It is, however, quite feasible to give the patient a limited number of injections during the day, to precede physiotherapy, so that deep breathing, coughing and movement are painless. In the intervening periods, and at night, the patient may be treated by systemic drugs. Unless the facilities of an intensive therapy unit are available this may be as much as can be hoped for, but even this is of great benefit to patients with pre-existing respiratory disease. Similarly, the method has been used to treat patients after thoracotomy (nine cases) and patients with severe chest injuries (twelve cases) with equally impressive results.
Mid-thoracic extradural puncture, although not difficult, requires some experience, and the close proximity of the spinal cord must always be borne in mind. A further technical difficulty is the possibility of extrusion of the catheter unless care is taken to allow scope for free movement of die patient.
The principal limitation of the technique is the brief action of die analgesic drugs available-in this respect progress has been negligible since Lawen made his observations in 1912. In the present series, the duration of action of the several drugs used (table IV) was found to differ considerably from that quoted by Bonica et al. (1957) , Cleland (1949) and Bromage (1954c) . It may be that the longer effects reported by these authors were related to the volumes of solution used and, pari passu, the degree of hypotension produced. In the present series, in die absence of hypotension, the duration of drug action was impressively constant; furthermore, adrenaline had surprisingly little effect on the duration of analgesia in normotensive patients. On the other hand, the combination of adrenaline with hypotension can lead to considerably prolonged drug action. Although lignocaine had the shortest action, it was used as the drug of choice because of die rapid onset of its action. Theoretically, the maintenance of continuous, complete analgesia with 1.5 per cent lignocaine would necessitate injections at intervals of not more than 90 minutes for the first 48 to 72 hours after operation, that is a total of up to fifty injections. In practice, the maximum number of injections given in the present series was forty-one.
With all drugs used, except Pantocain-plombe, analgesia wore off very rapidly, in contrast to die gradual waning of the effects of morphine and similar drugs; within 10 minutes of experiencing die first twinges of discomfort die patient was in severe pain, and it is important to remember this fact when opiates are not used in conjunction with extradural block.
In the hope of overcoming the problem of frequent injections, Pantocain-plombe solution was used in five cases. This was die only nonaqueous solution used: it is a preparation marketed by Farbwerke Hoechst, Frankfurt-amMain, which consists of 1.5 per cent amethocaine in 6 per cent kollidon. This drug has been widely used, in single doses, for extradural analgesia in Germany and elsewhere on the continent of Europe for the last ten years (Buchholz, 1951) . It is claimed that die amediocaine is released slowly and evenly from the kollidon base, resulting in prolonged analgesia. In our five cases, excellent analgesia lasted for 3i to 5i hours, with the added advantage of a gradual return to normal sensation. However, all five patients complained of burning pain at the site of injection after between five and seven injections, that is, after about 24 hours of continuous analgesia. Subsequent injections of alternative analgesic solutions, or even saline, produced the same unpleasant sensation. Use of die drug was therefore discontinued, although there was no evidence of neurological sequelae.
Part of the purpose of the present study was to demonstrate that extradural anaesthesia alone can produce complete pain relief. For diis reason morphine and similar drugs were not given in many cases, only quinalbarbitone sodium, 90-180 mg, being used to encourage sleep at night. Neverdieless, having established that extradural analgesia can produce complete pain relief, it is necessary in clinical practice to appreciate the importance of treating minor discomforts, such as the irritation of intragastric tubes, in the postoperative period (Keats, 1956) . When a patient remains continuously alert, as with die unmodified effect of extradural analgesia, time hangs heavily on his hands and petty irritations become more noticeable. Thus, it is probable that if extradural analgesia is used for the management of postoperative pain many patients will benefit from the additional adminstration of sedative drugs.
Respiratory studies.
It has been generally assumed diat diere is a relationship between severe pain, reduced vital capacity and respiratory complications, and vital capacity measurements have been used as a yardstick of success in the treatment of postoperative pain. However, although good pain relief was always claimed, most workers reported that the vital capacity never rose to more than 60 per cent of the pre-operative value during the first 24 hours after operation (Starr and Gilman, 1942; McCleery, Zollinger and Lenahan, 1948; Pooler, 1949) . Only Bromage (1955) , who advocated spirometry as a method of comparing analgesic drugs, reported vital capacities as high as 80 per cent of the pre-opcrative figure; this was after extradural analgesia.
It is of interest to compare vital capacity measurements with studies of lung compliance: the vital capacity is determined by the mechanical properties of the lungs and chest wall, and also by the voluntary effort of the patient; the lung compliance is an objective measurement, and is not affected by voluntary effort. The compliance of normal lungs is related to lung size (Marshall, 1957) and in a short-term study such as this changes in compliance are most probably due to changes in the amount of ventilated lung and not to changes in the elasticity of the lung substance. Ferris, Mead and Frank (1959) and Bondurant, Mead and Cook (1960) have pointed out that changes in posture and increased vascular congestion can produce false results when lung compliance is measured by oesophagcal balloon techniques. In the patients in this study there was no difference in the mean figure for compliance measured in the sitting and supine positions (sitting 0.128 l./cm H 2 O; supine 0.121 l./cm H 2 O). The possibility of vascular effects is discussed below.
The reduced vital capacity after operation is due partly to diminished effort caused by pain on movement of the chest and diaphragm, and partly to decreased compliance of the lung caused by closing off of parts of the lungs by bronchial plugs. The large increase in the vital capacity after extradural block appears to be due solely to the relief of pain. The increase was not an indication that adequate lung ventilation had been obtained, since it was not accompanied by a change in lung compliance. Relief of pain alone was not sufficient to ensure that the patient would clear his bronchi and ventilate all parts of his lungs adequately. It was only after vigorous movement and coughing that increased compliance was observed, indicating that the aeration had really been improved. Thus, the information provided by measurement of both vital capacity and lung compliance emphasizes the need for vigorous physiotherapy to the chest postoperatively.
Apart from the above considerations, vital capacity may be influenced by such factors as bronchodilatation and the amount of blood in the pulmonary circulation. It has been reported, for example, that intravenous procaine will raise the vital capacity even in the absence of pain (Herxheimer, quoted by Lucas, 1950) , and Bromage (1956) noted increase in vital capacity following the induction of hypotension in patients with cardiac and respiratory disease. In using extradural analgesia for postoperative pain relief, Bromage (1955) reported that in five patients the vital capacity exceeded the pre-operative value; again, however, four of these five patients had evidence of pre-existing left-sided cardiac strain and pulmonary congestion.
In the present series, although vital capacity increased considerably after lumbar extradural block, it was necessary to exclude the possibility of this increase being a haemodynamic effect associated with the considerable degree of hypotension which commonly occurred. The fact that there was no significant change in either vital capacity or lung compliance after reducing the systemic blood pressure to 75 mm Hg with hexamethonium, in the presence of postoperative pain, strongly suggested that hypotension alone was not responsible for increase in vital capacity in these cases, but that pain relief was, indeed, the important factor. The absence of any significant effect of this hypotension on lung compliance also suggested that errors in measurement due to vascular changes in the lungs were not occurring (Bondurant, Mead and Cook, 1960) . When midthoracic blocks were used, analgesia and improved vital capacity went hand in hand in the absence of hypotension, thus confirming these impressions.
These studies suggest that the relative failure to improve vital capacity reported by previous workers was probably a feature of the incompleteness of pain relief in their cases. However, even with the complete pain relief provided by extradural block the vital capacity remains about 15 640 BRITISH JOURNAL OF ANAESTHESIA per cent below the pre-operative value: this may well denote an effect of the extradural block on the intercostal muscles. An alternative explanation is that even after one or two bouts of coughing some small mucus plugs remain to be cleared from the bronchi; however, in the present investigations improvement in lung compliance after coughing was not accompanied by a proportionate increase in vital capacity-in some cases compliance after coughing was above the pre-operative figure although vital capacity remained reduced.
SUMMARY
Extradural analgesia was used for the control of postoperative pain in sixty patients subjected to abdominal surgery. At first, indwelling catheters were inserted into the lumbar extradural space: this procedure enabled widespread block to be induced but hypotension was almost invariable. Subsequently, analgesia was produced by means of small volumes of solution deposited through catheters inserted in the mid-thoracic region. This block was less extensive, and hypotension was usually insignificant. Early ambulation thus became possible, and since complete freedom from pain was afforded, breathing and coughing became easy and efficient.
Vital capacity measurements during the first 24 hours after surgery showed an average return to 85 per cent of the pre-operative level-a significant improvement on previously reported series. Measurements of lung compliance as well as vital capacity served to illustrate the important fact that complete pain relief is valuable for the improvement of postoperative respiratory function only in so far as it enables deep breathing and vigorous coughing to be carried out. Similar studies indicated that improvement in vital capacity after extradural block was a result of the pain relief rather than a haemodynamic effect associated with hypotension.
The method also proved successful when applied to patients after thoracotomy, and patients with severe chest injuries.
The exacting nature of the technique, the necessity for scrupulous asepsis, and the large numbers of injections required, make continuous postoperative analgesia by means of intermittent mid-thoracic extradural block unsuitable for routine use except where the special facilities of an intensive therapy unit are available. Alternatively, a limited number of injections may be given, prior to physiotherapy, or the method may be reserved for selected patients with pre-existing respiratory disease.
